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Abstract
Background: Stillbirth rates remain nearly ten times higher in low-middle income countries (LMIC) than high
income countries. In LMIC, where nearly 98% of stillbirths worldwide occur, few population-based studies have
documented characteristics or care for mothers with stillbirths. Non-macerated stillbirths, those occurring around
delivery, are generally considered preventable with appropriate obstetric care.
Methods: We undertook a prospective, population-based observational study of all pregnant women in defined
geographic areas across 7 sites in low-resource settings (Kenya, Zambia, India, Pakistan, Guatemala and Argentina).
Staff collected demographic and health care characteristics with outcomes obtained at delivery.
Results: From 2010 through 2013, 269,614 enrolled women had 272,089 births, including 7,865 stillbirths. The
overall stillbirth rate was 28.9/1000 births, ranging from 13.6/1000 births in Argentina to 56.5/1000 births in
Pakistan. Stillbirth rates were stable or declined in 6 of the 7 sites from 2010-2013, only increasing in Pakistan. Less
educated, older and women with less access to antenatal care were at increased risk of stillbirth. Furthermore,
women not delivered by a skilled attendant were more likely to have a stillbirth (RR 2.8, 95% CI 2.2, 3.5). Compared
to live births, stillbirths were more likely to be preterm (RR 12.4, 95% CI 11.2, 13.6). Infants with major congenital
anomalies were at increased risk of stillbirth (RR 9.1, 95% CI 7.3, 11.4), as were multiple gestations (RR 2.8, 95% CI
2.4, 3.2) and breech (RR 3.0, 95% CI 2.6, 3.5). Altogether, 67.4% of the stillbirths were non-macerated. 7.6% of
women with stillbirths had cesarean sections, with obstructed labor the primary indication (36.9%).
Conclusions: Stillbirth rates were high, but with reductions in most sites during the study period. Disadvantaged
women, those with less antenatal care and those delivered without a skilled birth attendant were at increased risk
of delivering a stillbirth. More than two-thirds of all stillbirths were non-macerated, suggesting potentially
preventable stillbirth. Additionally, 8% of women with stillbirths were delivered by cesarean section. The relatively
high rate of cesarean section among those with stillbirths suggested that this care was too late or not of quality to
prevent the stillbirth; however, further research is needed to evaluate the quality of obstetric care, including
cesarean section, on stillbirth in these low resource settings.
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Background
Nearly 2.7 million third trimester stillbirths occur each
year, most of which are thought to be preventable [1,2].
Globally there is a high variation in stillbirth rates with
low-income sub-Saharan African and South East Asian
countries reporting the highest rates, ranging from 20 – 40
per 1000 births, nearly 10 –fold higher than those docu-
mented in high-resource settings [3-5]. Nearly 98% of all
stillbirths occur in low- and middle-income countries
(LMIC), primarily in low-resource settings [1,6].
Within both high and low-resource settings, several
common risk factors for stillbirths have been documen-
ted. Stillbirths are more likely to occur among those
women who are of advanced age and, in some studies,
teenage women are also at increased risk [5,7,8]. Women
who are of lower socio-economic status, including those
with less education, have been shown to be at increased
risk [7,8]. Finally, women with prior pregnancy losses or
with complicated pregnancies, including multiple gesta-
tions, have an increased risk of stillbirth [9].
Across all settings, poor quality health care is an
important risk factor for stillbirth. Both the lack of access
to antenatal care and lack of access to quality obstetric
care have been associated with increased risk of stillbirth.
In particular, mode of delivery may influence stillbirth
risk [10,11]. While detailed cause of death data are
mostly unavailable for stillbirth in low-income countries
(LIC), in these settings recent efforts have been made to
classify stillbirths by those with signs of maceration, sug-
gesting a fetal death occurring in the antepartum period
at least 12 hours prior to delivery, and those without
signs of maceration, which are frequently intrapartum
stillbirths or those which occur just prior to or during
labor and delivery. This characterization is helpful in
determining programmatic emphasis, as improved
antenatal care may reduce antenatal stillbirths while
improved obstetric labor and delivery care is needed to
reduce those stillbirths occurring in the intrapartum per-
iod. In these settings with high stillbirth rates, studies
have suggested that more than half of stillbirths may be
intrapartum [12,13]. In contrast, in high-income coun-
tries (HIC), intrapartum stillbirths have largely been
eliminated, suggesting that with adequate obstetric care,
including cesarean section when indicated, most of these
stillbirths are preventable [12].
While there has been increased attention to stillbirth
in recent years, in LIC, there are still few population-
based estimates of stillbirth rates, types of stillbirth, risk
factors for stillbirth, or measures of health care asso-
ciated with stillbirth. Demographic health surveys gener-
ally have excluded stillbirth as routine pregnancy
outcomes, while research studies have primarily been
conducted in hospital-based settings. Thus, we sought
to determine population-based stillbirth rates in low-
resource settings in 6 countries participating in the
Eunice Kennedy Shriver National Institute of Child
Health and Human Development Global Network for
Women’s and Children’s Health Research (Global Net-
work) [14]. We also evaluated the maternal characteris-
tics and obstetric and antenatal care associated with risk
of stillbirth, with exploration of factors associated with
macerated and intrapartum stillbirths.
Methods
The Global Network’s Maternal Newborn Health Registry
(MNHR) is a prospective, population-based observational
study which includes all pregnant women and their out-
comes in defined geographic communities (clusters).
These clusters were established with approximately 300 –
500 annual births in sites in western Kenya, Zambia
(Kafue and Chongwe), Pakistan (Thatta), India (Belgaum
and Nagpur), Guatemala (Chimaltenango), and Argentina
(Corrientes). The MNHR was initiated at each of the
study sites between 2008 and 2009 and continues to the
present, except in Argentina, which ended data collection
in March 2013.
Registry administrators (RAs), paid study staff who
were usually community health workers or nurses, identi-
fied pregnant women and generally consented those who
were eligible by 20 weeks gestation. All women who were
residents of the defined communities were eligible and
contacted. The RAs obtained basic health information at
enrollment, and then conducted a follow-up visit follow-
ing delivery to collect pregnancy outcomes and health
care provided during delivery. Information on the study
outcomes was based on medical record review, and birth
attendant and family interviews.
Stillbirth was defined using a modified World Health
Organization (WHO) criteria of fetal deaths occurring at
≥20 weeks gestation (or for those without gestational age
available ≥500 g) [15]. The stillbirth rate was calculated
as the number of stillbirths per 1,000 births, the sum of
live births and stillbirths. Macerated stillbirths were
defined as those with signs of maceration at delivery
including skin and soft-tissue changes such as skin disco-
loration, redness, sloughing of skin, and overriding of
cranial sutures. (The RAs were trained to recognize still-
births with maceration using both descriptions and pic-
tures of fetuses with this condition.) Those without
maceration were considered to be intrapartum stillbirths;
however, while we assumed that those stillbirths with
maceration had died prior to labor and did not have fetal
heart tones, in this data set, we did not confirm that
those stillbirths without maceration had fetal heart tones
in labor. For maternal characteristics among those with
multiple births, women’s status regarding a ‘stillbirth’ or
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‘live birth’ was determined by the status of her firstborn
of the multiple gestation.
Data analyses
All data were entered and edited locally at a research
computer at each study site. Data were transmitted using
a secure process, with additional edits performed at the
data coordinating center, RTI International (RTI).
Descriptive analyses included calculating the frequency
and distribution of values. Additional analyses were per-
formed to determine the relative risk of having a stillbirth
with factors previously associated with stillbirth based on
literature review, using general estimation equations to
adjust for the study clusters (study site). All data were
analyzed using SAS v.9.3 (Cary, NC).
Ethics approval
This study was reviewed and approved by all sites’ ethics
review committees (Instituto de Efectividad Clínica y
Sanitaria, University of Buenos Aires, Argentina; Fran-
cisco Marroquin University, Guatemala; University of
Zambia, Biomedical Research Ethics Committee, Zambia;
Moi University, Kenya; Aga Khan University; KLE Uni-
versity’s Jawharal Nehru Medical College, Belgaum;
Indira Gandhi Medical College, Nagpur), the institutional
review boards at each U.S. partner university and the
data coordinating center (RTI International). All women
provided informed consent for data collection and
follow-up visits.
Results
During the study period from January 2010 through
December 2013, a total of 269,614 women were enrolled.
These women had 272,089 births, of which 7,865 were
stillbirths. The overall stillbirth rate for the entire study
period was 28.9 per 1000 births. The stillbirth rates ran-
ged from 13.6 in Argentina to 56.5 per 1,000 births in
Pakistan. The India sites had significant reductions in
stillbirth rates from 2010 to 2013 (p<0.05), while the
rates in Latin American and African sites decreased and
the Pakistan site rates increased, though neither reached
statistical significance. Figure 1 illustrates the stillbirth
rates over time by study site.
Table 1 describes the maternal characteristics and risks
for stillbirth. Women who were >35 years of age were
more likely to have a stillbirth (RR 1.6, 95% CI 1.5, 1.8)
compared with women 20-35 years of age. Women with-
out formal education were also more likely to deliver
stillbirths (RR 1.9, 95% CI 1.7, 2.2), compared to those
with higher education. Finally, those with parity >2 were
more than twice as likely to have a stillbirth as those with
those with parity 1-2 (RR 1.4, 95% CI 1.3, 1.5). Those
Figure 1 Stillbirth rates by Global Network site, 2010-2013
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who had experienced a prior pregnancy loss were also at
higher risk for delivering a stillbirth compared with those
without prior loss (RR 2.4, 95% CI 2.2, 2.7).
We also evaluated the antenatal and delivery care in
relationship to stillbirth (Table 2). Women with no pre-
natal care had an increased risk of stillbirth (RR 3.0,
95% CI 2.5, 3.7). Those who had not received testing for
syphilis (RR 1.6 95% CI 1.5, 1.8), HIV (RR 2.5, 95% CI
2.1, 2.9) or who had not received tetanus toxoid (RR 2.2
95% CI 2.0, 2.5) were at increased risk of stillbirth rela-
tive to those women who had received the testing.
Women delivered by a family member or other non-
healthcare provider were at increased risk of stillbirth
(RR 2.8, 95% 2.2, 3.5). Higher level of care was not asso-
ciated with reduced risk of stillbirth. Finally, those
women delivered by cesarean section had decreased risk
of stillbirth (RR 0.6, 95% CI 0.6, 0.7) compared to those
with a spontaneous vaginal delivery, while women with
a vaginal assisted delivery were at increased risk of still-
birth (RR 2.0, 95% CI 1.3, 3.1) compared to those with a
vaginal delivery.
Because cesarean sections are generally not indicated
for women with a known stillbirth, to further assess the
quality of obstetric care, we explored the indications for
cesarean section among women who delivered a still-
birth. A total of 533 (7.6%) women with stillbirths were
delivered by cesarean section. Figure 2 illustrates the
indication for cesarean section for those who ultimately
delivered a stillbirth. The most common indication for
cesarean section among those with stillbirth was
obstructed labor (n=190), followed by malposition
including breech (n=66) and major hemorrhage (n=63).
Of those delivered by cesarean section, 132 were macer-
ated (5.6% of all of the macerated stillbirths) and 438
were non-macerated (90% of non-macerated).
Compared to live births, the stillbirths were more
likely to be preterm (RR 12.4, 95% CI 11.2, 13.6) and
were also more likely to be low birth weight (RR 12.1
95% CI 10.8, 13.5) (Table 3). They were also more likely
to be male (RR 1.2, 95% CI 1.1, 1.2) and from a multiple
Table 1. Maternal characteristics associated with stillbirth
Stillbirth Live birth RR for SB vs. LB (95%
CI)
Mother’s enrolled,
N
7,624 261,990
Maternal age
<20 732 (9.6) 31,729 (12.1) 1.0 (1.0, 1.1)
20-35 6,423
(84.4)
219,821
(84.0)
1.0
>35 454 (6.0) 10,020 (3.0) 1.6 (1.5, 1.8)
Education
No formal
education
3,151
(41.5)
64,284 (24.6) 1.9 (1.7, 2.2)
Primary 2,281
(30.0)
99,567 (38.2) 1.3 (1.2, 1.5)
Secondary 1,776
(23.4)
78,329 (30.0) 1.2 (1.1, 1.3)
University+ 383 (5.0) 18,619 (7.1) 1.0
Parity
0 2609
(34.3)
87,908 (33.7) 1.3 (1.2, 1.3)
1-2 2623
(34.5)
110,597
(42.3)
1.0
>2 2370
(31.2)
62,783 (24.0) 1.4 (1.3, 1.5)
Prior loss
No 4,277
(85.7)
163,142
(94.2)
1.0
Yes 712 (14.3) 10,064 (5.8) 2.4 (2.2, 2.7)
Table 2. Antenatal and delivery care characteristics and
risk of stillbirth, 2010-2013
Stillbirth, N
(%)
Live birth, N
(%)
Relative Risk (95%
CI)*
ANC Visits
0 331 (8.2) 3,659 (2.6) 3.0 (2.5, 3.7)
1-2 1,358 (33.5) 25,842 (18.3) 1.0
3+ 2,370 (58.4) 111,554 (79.1) 2.0 (1.7, 2.4)
Syphilis testing
received
Yes 1,917 (25.4) 103,889 (39.9) 1.0
No 5,619 (74.6) 156,282 (60.1) 1.6 (1.5, 1.8)
HIV testing received
Yes 4,199 (55.6) 195,255 (74.8) 1.0
No 3,359 (44.4) 65,666 (25.2) 2.5 (2.1, 2.9)
Tetanus toxoid
vaccine
Yes 5,352 (70.4) 225,165 (86.1) 1.0
No 2,250 (29.6) 36,396 (13.9) 2.2 (2.0, 2.5)
Birth attendant, N
(%)
Physician 3,155 (41.4) 100,662 (38.4) 1.0
Nurse/Midwife/HW 1,851 (24.3) 86,444 (33.0) 0.6 (0.6, 0.7)
TBA 1,404 (18.4) 62,573 (23.9) 0.5 (0.4, 0.6)
Family/Other 1,202 (15.8) 12,300 (4.7) 2.8 (2.2, 3.5)
Delivery location
Hospital 3,598 (47.2) 120,433 (46.0) 1.0
Clinic 1,415 (18.6) 66,929 (25.6) 0.6 (0.5, 0.7)
Home/Other 2,609 (34.2) 74,554 (28.5) 1.0 (0.8, 1.2)
Delivery mode
Vaginal 6,238 (88.4) 225,418 (86.0) 1.0
Vaginal assisted 282 (4.0) 3,899 (1.5) 2.0 (1.3, 3.1)
C-section 533 (7.6) 32,665 (12.5) 0.6 (0.6, 0.7)
*Relative risk accounted for study cluster (site)
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gestation (RR 2.8, 95% CI 2.4, 3.2). Those with major
congenital anomalies (RR 9.1, 95% CI 7.3, 11.4) had a
higher risk of stillbirth. Women with a breech presenta-
tion or transverse lie also had a higher risk of stillbirth
(RR 3.0, 95% 2.6, 3.5).
Finally, we assessed the percentage of non-macerated
and macerated stillbirths by site (Figure 3). A total of
4,872 (67%) of the stillbirths were non-macerated. The
percentage of non-macerated stillbirth ranged from 78%
in Nagpur, India to 58% in Argentina.
Discussion
In this cohort study conducted in low-resource settings
across six countries in Asia, sub-Saharan Africa and
Figure 2 Indications for cesarean section among fresh and macerated stillbirth for Global Network sites, 2010 - 2013
Table 3. Fetal characteristics and risk for stillbirth, 2010-2013
Stillbirth, N (%) Live Birth, N (%) Relative risk for stillbirth vs. livebirth (95% CI) *
Estimated gestational age
Preterm (< 37 weeks) 4,147 (59.4) 22,912 (8.9) 12.4 (11.2, 13.6)
Term (≥37 weeks) 2,830 (40.6) 233,556 (91.1) 1.0
Birth weight
< 2500g 4,654 (64.4) 29,993 (11.4) 12.1 (10.8, 13.5)
≥ 2500g 2,570 (35.6) 234,056 (88.6) 1.0
Gender
Male 3,856 (55.6) 136,886 (51.8) 1.2 (1.1, 1.2)
Female 3,083 (44.4) 127,275 (48.2) 1.0
Multiple gestation
Yes 383 (5.0) 4,457 (1.7) 2.8 (2.4, 3.2)
No 7,254 (95.0) 259,674 (98.3) 1.0
Congenital anomaly
Yes 330 (4.7) 1,091 (0.4) 9.1 (7.3, 11.4)
No 6,672 (95.3) 259,098 (99.6) 1.0
Breech presentation
Yes 553 (7.1) 5,749 (2.2) 3.0 (2.6, 3.5)
No 7,255 (92.9) 257,933 (97.8) 1.0
*Relative risks accounted for study cluster (site)
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Latin America, the overall stillbirth rate was 28.9 per
1000 births. Since 2010, the stillbirth rates decreased in
the Latin American and Indian sites, with modest
decreases in the Zambia or Kenya sites and increasing
stillbirth rates in the Pakistan site over the four-year
period. The overall stillbirth rates remained relatively
high, ranging from 13.6 in Argentina to 56.5 per 1,000
births in Pakistan. These rates are consistent with other
modeling estimates [1].
This is one of the largest prospective studies of still-
birth in low-resource settings in low to upper-middle
income countries conducted to date. One of the study
strengths was that we obtained population-based out-
comes with excellent coverage of the catchment areas of
the study communities, including very high enrollment
and 98% follow-up to obtain pregnancy outcomes.
Furthermore, the study reflects four years of data. One of
the study’s limitations was that while we obtained signs
of maceration, these were through observation or report,
which previous studies have suggested may over-repre-
sent intrapartum stillbirth [16]. We were also unable to
reliably capture the cause of stillbirth, given the high pro-
portion of births delivered outside of health care settings.
However, the study did collect basic demographic data
and health care utilization by women, cared for in a
range of health care settings, with one-third delivered at
home. As described elsewhere, related research was con-
ducted over the study period in which training and
supervision occurred to help ensure detection of stillbirth
and differentiation of macerated from non-macerated
stillbirths [17-19].
The maternal socio-economic and maternal risk factors
for stillbirth observed were similar to those documented
in low-middle income country studies conducted else-
where [3-5,7-10]. That is, women who had less education
and who were older were at significantly higher risk for
stillbirth. Similarly, those women having less access to
antenatal care, as documented through fewer ANC visits
and reduced rates of prenatal testing, had increased risk
for stillbirth. While the rates of HIV and syphilis testing
were associated with the stillbirth rate, we assume the
relationship is primarily explained by these tests indicat-
ing the adequacy of antenatal and obstetric care. Simi-
larly, provision of tetanus immunization, which has not
been associated with stillbirth, is also a marker for the
adequacy of care.
Being preterm and of low birth weight were both asso-
ciated with more than ten-fold risks of being a stillbirth
compared to a live birth. In this case, it was not possible
to distinguish whether the preterm labor increased risk for
stillbirth or whether the condition that caused the stillbirth
may have also precipitated the early delivery. Regardless,
prematurity and low birth weight were strongly associated
with stillbirth.
Women with complicated pregnancies, including those
with multiple gestations and breech presentations, were at
significantly increased risk for stillbirth in our study. Simi-
larly, those with major congenital anomalies had increased
of stillbirth, similar to risks shown from other LMIC [4].
Across the Global Network sites, non-macerated stillbirths
represented about 67% of all stillbirths. While this rate is
higher than some other LMIC studies, it is consistent with
studies suggesting that intrapartum stillbirth rates are
highest in the geographic regions with high stillbirth rates
[13]. This is an important relationship, as an intrapartum
stillbirth suggests that the fetus was alive at time of deliv-
ery care, that the stillbirth likely occurred in association
with intrapartum asphyxia or trauma, and that the still-
birth may have been preventable [12,20]. With the high
proportion of intrapartum stillbirths, our results suggest
that stillbirth rates could be substantially reduced by
focusing on these deaths with improved obstetric labor
and delivery care. While many could be prevented with
improved care, a proportion of non-macerated stillbirths
are associated with other causes such as major congenital
anomalies [21]. Our results also showed overall higher
stillbirth rates at hospitals and with physicians, relative to
the stillbirth rates found at lower levels of care. Because
this study was conducted at the population level, this find-
ing is likely to be associated with the higher risk deliveries
presenting at these higher levels of care [21]; however, it
may also have implications for the quality of care available
at some of those facilities [12,22].
Prior research has suggested that timely access to high-
quality care at delivery can substantially reduce stillbirth,
especially those occurring in the intrapartum period,
including those associated with many types of complicated
pregnancies [20,23,24]. We explored this issue through
examining cesarean section and stillbirth further and
found that altogether 8% of all women with a stillbirth
were delivered by cesarean section. Because cesarean
Figure 3 Proportion of macerated and non-macerated stillbirth by
Global Network site, 2010-2013
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section is generally not indicated where there is a fetal
death [25-27], we examined the indications and noted that
the majority of these cesarean sections were conducted for
obstructed labor, major antepartum hemorrhage, or mal-
position. While these conditions are considered appropri-
ate cesarean section indications [25], in these settings the
cesarean section was inadequate or performed too late to
save the fetus. The fact that such a high proportion of
women with stillbirths had cesarean section suggests that
the primary motivation may have been to save the
mother’s life. However, further research would be needed
to confirm this speculation. Additionally, while research in
HIC has suggested that stillbirths associated with these
types of complications are generally preventable with qual-
ity obstetric care, this finding would also need to be
further explored in low-resource areas.
Tools such as perinatal audits have been shown to
improve quality of facility care and reduce stillbirth [28].
Quality of care includes the judgment to determine
which women are at risk and require interventions such
as cesarean section, and performing these interventions
well. However, in addition to the quality of obstetric
care, the timeliness of providing obstetric care is critical,
especially to save the fetus. As suggested by our results,
cesarean section performed late may not benefit the
fetus or poorly performed instrumental delivery may
increase risk. Furthermore, the increased mortality asso-
ciated with hospital and physician deliveries suggested
that women with risk may have been seeking care; how-
ever, the care may have been delivered too late to save
the fetus.
Conclusions
In summary, this analysis presents stillbirth rates in
LMIC which are substantially higher than in HIC, with
a wide range of increased rates. The majority of still-
births were not macerated, suggesting that they
occurred at or near the time of delivery. Many of these
stillbirths were likely to be preventable by better obste-
tric care. Strategies to improve antenatal and obstetric
labor and delivery care for women in order to substan-
tially reduce stillbirths, while well documented to reduce
stillbirth in HIC, may not be easily transferrable and
have yet to be proven effective in low-resource settings.
Given the high rates of stillbirth and slow rates of
reduction found across the diverse settings in LMIC, we
believe further research is needed to evaluate the strate-
gies necessary to substantially reduce stillbirth in low-
resource countries.
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